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SITE-SPECIFIC AND REGIONAL GEOLOGIC CONSIDERATIONS 
FOR COALBED GAS DRAINAGE 
By W. P. Diamond ' 
ABSTRACT 
The Bureau of Mines has been involved i n  t h e  d r i l l i n g  of v e r t i c a l ,  
h o r i z o n t a l ,  and d i r e c t i o n a l  coalbed gas drainage boreholes f o r  mine 
s a f e t y  s i n c e  1964. I n  t h a t  t ime, boreholes have been d r i l l e d  i n  most of 
t h e  major c o a l  reg ions  of t he  United S t a t e s  under a wide v a r i e t y  of ge- 
o l o g i c  condi t ions.  Many of t h e  geologic  condi t ions  t h a t  occur i n  t h e  
c o a l  measures a r e  de t r imen ta l  t o  gas dra inage ;  o t h e r s  may be bene f i c i a l .  
Ana ly t i ca l  techniques t o  determine t h e  gas conten t  of c o a l  samples and 
e v a l u a t e  r eg iona l  t r ends  of gas d i s t r i b u t i o n  have been developed. 
D r i l l i n g  techniques t h a t  maximize t h e  a c q u i s i t i o n  of coalbed gas d a t a  
and geologic  information have been determined. 
Although some of t h e  geologic  f a c t o r s  i n f luenc ing  t h e  placement and 
p o t e n t i a l  success  of coalbed gas drainage boreholes  have been repor ted  
i n  papers on i n d i v i d u a l  p r o j e c t s ,  a complete, sys temat ic  compilat ion has 
no t  p rev ious ly  been ava i l ab l e .  The o b j e c t i v e  of t h i s  paper i s  t o  pro- 
v ide  information on s p e c i f i c  geologic  f a c t o r s  t h a t  should be considered 
p r i o r  t o ,  dur ing ,  and a f t e r  t h e  d r i l l i n g  of coalbed gas drainage bore- 
ho les .  Many of t h e  commonsense cons ide ra t i ons  t h a t  have been learned  
through many yea r s  of Bureau of Mines experience,  but have gene ra l l y  
not  been repor ted  formal ly ,  a r e  included f o r  those  who may be con- 
s i d e r i n g  coalbed gas drainage d r i l l i n g  f o r  t h e  f i r s t  t ime, o r  who have 
not  had t h e  oppor tun i ty  t o  encounter  a s u b s t a n t i a l  number of geo logic  
s i t u a t i o n s .  
l ~ u ~ e r v i s o r ~  geo log i s t ,  P i t t sburgh  Research Center,  Bureau of Mines, P i t t sburgh ,  
PA 
INTRODUCTION 
The Bureau of Mines has been i n v e s t i -  
g a t i n g  t h e  occurrence of g a s  i n  c o a l  and 
t e chn iques  t o  remove t h e  g a s  i n  advance 
of mining s i n c e  1964 (28).2 The g o a l  of 
t h e  Bureau 's  r e s e a r c h  program has  primar- 
i l y  been t o  i n c r e a s e  mine s a f e t y  by re-  
ducing t h e  exp lo s ion  hazard of methane- 
a i r  mix tures .  Many of t h e  coalbed g a s  
o b s e r v a t i o n s  and techn iques  developed 
have a p p l i c a t i o n s  both f o r  mine s a f e t y  
and f o r  energy r e sou rce  d e l i n e a t i o n  and 
u t i l i z a t i o n .  The e v a l u a t i o n  procedures  
and g e o l o g i c  c o n s i d e r a t i o n s  f o r  d r i l l i n g  
s i t e s  d i s cus sed  i n  t h i s  paper a r e  r e l -  
evan t  to both d n e  s a f e t y  and gas u t i l i -  
z a t i o n  programs. 
It i s  e s t ima t ed  t h a t  coalbeds  i n  t h e  
Uni ted S t a t e s  c o n t a i n  a s  much a s  21.7 
'underlined numbers i n  parentheses re- 
f e r  t o  items i n  the  l i s t  of references a t  
the  end of t h i s  repor t .  
t r i l l i o n  m3 (766 t r i l l i o n  f t 3 )  of in-  
p l a c e  g a s  ( t a b l e  1 ) .  The g a s  i s  
d i s t r i b u t e d  i n  vary ing  u n i t  volumes 
throughout  t h e  e x t e n s i v e  c o a l  r e s e r v e s  of 
t h e  United S t a t e s  ( f i g .  1 ) .  Gas c o n t e n t s  
ranging from e s s e n t i a l l y  0.0 cm3/g (0.0 
f t 3 / t o n )  t o  21.6 cm3Ig (691 f t 3 1 t o n )  have 
been measured. Table  2 i s  a l i s t  of t h e  
h i g h e s t  measured g a s  con t en t s  of U.S. 
coalbeds .  A l i s t  of 583 g a s  con t en t  
t e s t s  on 125 coalbeds  i n  15 S t a t e s  can be 
found i n  Bureau of Mines R I  8515 (8) .  - 
TABLE 1. - Est imates  of t o t a l  in -p lace  
methane volumes f o r  U.S. coalbeds  
TABLE 2. - Highest  measured g a s  con t en t s  of U.S. coa lbeds  
Source 
Bureau of Mines (6) .  . - 
Nat iona l  Energy 
P lan  I1 (33)........ 
Na t iona l  ~ Z r o l e u m  
Council  (24)........ - 
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An i n d i r e c t  measure of t h e  p o s s i b l e  TABLE 3. - S t a t e s  wi th  h ighes t  measured 
s a f e t y  hazard of methane i n  c o a l  mines, gas  emissions from c o a l  mines (1975) 
as w e l l  as t h e  resource  p o t e n t i a l  of 
coalbed methane, i s  t h e  volume of methane 
vented from U.S. c o a l  mines. A s  of t he  
l a s t  survey by t h e  Bureau of Mines i n  
1975 (15), over  5.7 m i l l i o n  m3 (200 m i l -  
l i o n  f t 3 )  of methane per  day was being 
vented. The seven S t a t e s  wi th  t h e  high- 
e s t  methane emissions a r e  l i s t e d  i n  t a -  
b l e  3. S ix ty  i n d i v i d u a l  mines vented 
0.03 m i l l i o n  m3 (1 m i l l i o n  f t 3 )  o r  more 
p e r  day. 
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FIGURE 1. - Coalfields of the U n i t e d  States. 
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THE COALBED AS A GAS RESERVOIR 
The fundamental  p r i n c i p l e  t o  a ccep t  
when cons ide r i ng  coalbeds  a s  gas  r e s e r -  
v o i r s  is  t h a t  they  a r e  no t  t h e  same a s  
a s  " t r a d i t i o n a l "  gas  r e s e r v o i r s  (such a s  
s ands tones )  and do no t  behave i n  accord- 
ance  w i th  t h e  same r e s e r v o i r  mechanics. 
I n  a  t r a d i t i o n a l  sands tone  r e s e r v o i r ,  t h e  
g a s  e x i s t s  a s  f r e e  gas  i n  t h e  void spaces  
between sand g r a i n s ,  and t r a n s p o r t  of 
t h a t  gas  through t h e  r e s e r v o i r  i s  gov- 
e rned  by p r e s su re  g r a d i e n t s  a s  de sc r i bed  
by Darcy's  law. 
I n  a  v i r g i n  coalbed r e s e r v o i r ,  only  a  
s m a l l  p o r t i o n  of t h e  methane i s  found as 
" f r e e "  gas  i n  t h e  f r a c t u r e s  ( c l e a t ) ,  
Most of t h e  methane i s  adsorbed on t h e  
c o a l  s u r f a c e  i n  t h e  ex t ens ive  micropore 
s t r u c t u r e  of t h e  c o a l  (5).  The t r a n s p o r t  
of t h e  methane f r o m  t h e  micropores  
through t h e  " s o l i d "  c o a l  is  governed by 
c o n c e n t r a t i o n  g r a d i e n t s  a s  de sc r i bed  by 
F i c k ' s  law of d i f f u s i o n .  Once t h e  meth- 
ane  has  reached t h e  coalbed f r a c t u r e  sys -  
tem, t h e  t r a n s p o r t  of t h e  gas  through t h e  
c l e a t  t o  a w e l l  bore  o r  mine opening i s  
governed by Darcy's  law. 
I n  a  v i r g i n  coalbed r e s e r v o i r ,  t h e  
p r e s s u r e  i n  t h e  f r a c t u r e  system and t h e  
The a t t r a c t i v e n e s s  of coalbeds  f o r  com- 
merc i a l  gas  p roduc t ion  i s  i l l u s t r a t e d  i n  
f i g u r e  2 ,  which compares t h e  t h e o r e t i c a l  
gas  volumes t h a t  can be s t o r e d  a t  va r i ous  
p r e s s u r e s  i n  equa l  rock volumes of both 
t r a d i t i o n a l  r e s e r v o i r s  of 10-pct p o r o s i t y  
and r e p r e s e n t a t i v e  coalbeds .  Even a t  t h e  
r e l a t i v e l y  low r e s e r v o i r  p r e s su re s  com- 
monly found i n  coa lbeds ,  t h e  u n i t  volume 
of c o a l  can s t o r e  s e v e r a l  t imes t h e  gas  
volume of t h e  10-pct p o r o s i t y  non reac t i ve  
t r a d i t i o n a l  r e s e r v o i r  rock. 
An a d d i t i o n a l  f a c t o r  t o  be cons idered  
fzlr zozllb2d - L e ~ G L v w L L e  - n v * r n ~  wc is the i n f l u e n c e  
of "boundaries" on t h e  r e s e r v o i r  and gas  
flow r a t e s ,  A boundary, e i t h e r  n a t u r a l  
(such a s  a  f a u l t )  o r  c r e a t e d  ( i n t e r f e r -  
ence from o t h e r  boreholes  o r  mine open- 
i n g s ) ,  can reduce t h e  time needed t o  
lower t h e  coalbed p r e s su re  and induce gas 
flows (3 ,  21)-  The boundar ies  e f f e c -  
t i v e l y  i i m i t  t h e  s i z e  of t h e  r e s e r v o i r ,  
and t h e  p r e s s u r e  i s  more e f f i c i e n t l y  re- 
duced i n  t h e  r e s u l t i n g  a r e a ,  w i th  an 
accompanying dec r ea se  i n  t h e  time needed 
c o n c e n t r a t i o n  of methane i n  t h e  micropore 
Pocahontas coal, 30°C 
s t r u c t u r e  a r e  i n  equ i l i b r i um (5).  To in -  
duce a  flow of methane from- t h e  s o l i d  
2 5  c o a l ,  t h e  equ i l i b r i um must be d i s r u p t e d  m+ 
by lowering t h e  p r e s s u r e  i n  t h e  f r a c t u r e  Y4 
system. Coalbeds a r e  g e n e r a l l y  s a t u r a t e d  
w i t h  wate r ,  which when removed, e i t h e r  by 
pumping from a v e r t i c a l  borehole  o r  by 
" n a t u r a l "  d r a inage  i n t o  a  mine opening o r  
h o r i z o n t a l  borehole ,  d i s r u p t s  t h e  equi-  
l i b r i um.  Methane can then  desorb  from 
t h e  c o a l  micropores  and i s  made a v a i l a b l e  
f o r  f low through t h e  f r a c t u r e  system. 
Gas f lows w i l l  normally con t inue  a s  long  
a s  equ i l i b r i um c o n d i t i o n s  a r e  d i s r u p t e d  
bu t  can qu i ck ly  d e c l i n e  i f  equ i l i b r i um is  
- 







r e e s t a b l i s h e d ,  The cont inued lowering of 1 
t h e  coalbed r e s e r v o i r  p r e s s u r e  t o  ensure  k I I 
g a s  f low is complete ly  oppos i t e  t u  t h e  
4 0 0  8 0 0  1,200 1,600 2,000 2,400 
PRESSURE, psig 
s i t u a t i o n  w i th  a  t r a d i t i o n a l  r e s e r v o i r ,  
where main ta in ing  a  h igh  r e s e r v o i r  pres-  FIGURE 2. - Comparison o f  the gas storage po ten t ia l  
s u r e  i s  r equ i r ed  t o  provide t h e  energy t o  o f  coa l  and 10-pct -poros i ty  nonreact ive reser- 
f low l a r g e  volumes of gas.  vo i r  rock  ve rsus  reservo i r  pressure (3). 
t o  a c h i e v e  gas  product ion.  S e v e r a l  p rov ide  mathemat ical  d e s c r i p t i o n s  of t h e  
p u b l i c a t i o n s  (2, 5, 20-21) d e t a i l  t h e  r e s e r v o i r  mechanics. 
r e s e r v o i r  c h a r a c t e r i s t i c s  of coalbeds  and 
SITE-SPECIFIC CONSIDERATIONS 
S i t e - s p e c i f  i c  c o n s i d e r a t i o n s  of t h e  
me t h a n e  p o t e n t i a l  of coalbeds  i n c l u d e  
b o t h  de te rmin ing  t h e  in -p lace  gas  c o n t e n t  
and i d e n t i f y i n g  g e o l o g i c  f a c t o r s  t h a t  may 
a f f e c t  t h e  f low of gas  from t h e  coalbed 
r e s e r v o i r  t o  methane d r a i n a g e  systems o r  
underground mines. 
D i r e c t  Method Dete rmina t ion  of t h e  Gas 
Content  of Coal 
The Bureau of Mines o r i g i n a l l y  became 
i n t e r e s t e d  i n  de te rmin ing  t h e  gas  c o n t e n t  
of v i r g i n  c o a l  a s  an  a i d  i n  e s t i m a t i n g  
t h e  amount of gas  t h a t  would be r e l e a s e d  
An a d d i t i o n a l  problem t h a t  i s  f r e -  
q u e n t l y  encountered w i t h  t h e  c o n v e n t i o n a l  
c o r i n g  of s e l e c t e d  zones is  miss ing  t h e  
coalbed t h a t  is t o  be cored,  o r  c o r i n g  
e x c e s s i v e  l e n g t h s  of s e c t i o n  whi le  
s e a r c h i n g  f o r  t h e  coa l .  I n  t h e  conven- 
t i o n a l  c o r i n g  t echn ique ,  t h e  h o l e  is  
r o t a r y - d r i l l e d  (no c o r e  t a k e n )  t o  a p o i n t  
( d e p t h )  e s t i m a t e d  t o  be n e a r  t h e  t o p  of 
t h e  coalbed;  t h e n  t h e  d r i l l  p i p e  i s  
p u l l e d  from t h e  h o l e ,  t h e  r o t a r y  d r i l l  
b i t  i s  taken  o f f ,  and t h e  c o r e  b a r r e l  i s  
i n s t a l l e d .  The c o r e  b a r r e l  i s  t h e n  run 
i n t o  t h e  h o l e  on t h e  end of t h e  d r i l l  
i n  a c t i v e  underground mines. The i n i t i a l  
r e s e a r c h  r e s u l t s  were used t o  c o n s t r u c t  a  3.2 
g r a p h  ( f i g .  3 )  t h a t  r e l a t e d  d i r e c t  method 
t e s t  v a l u e s  t o  t h e  a c t u a l  measured meth- 
ane  emiss ions  of nearby mines. 2.8- 
t 
\ 
Sampling "+ + 
8 2.4 
Coal samples f o r  d e t e r m i n a t i o n  of gas  
c o n t e n t  a r e  o b t a i n e d  e i t h e r  from con t inu-  o, - 
o u s  w i r e  l i n e  c o r e  h o l e s  o r  from r o t a r y -  cn" 
d r i l l e d  boreho les  by means of con- y 2.0- - 
Z v e n t i o n a l  c o r i n g  of s e l e c t e d  zones. 
s Schematic diagrams of w i r e  l i n e  and con- 
v e n t i o n a l  types  of c o r i n g  equipment a r e  cr 1.6 
LL 
shown i n  f i g u r e  4. I n  g e n e r a l ,  t h e  con- z 
t i n u o u s  w i r e  l i n e  t echn ique  i s  p r e f e r r e d  2 
V) f o r  o b t a i n i n g  c o a l  samples f o r  gas  con- 1.2 
I I I 1 I I I I 
- - 
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remove t h e  c o a l  sample from t h e  h o l e  and - 
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s e a l i t  i n t o a  d e s o r p t i o n  c o n t a i n e r i s  a ,B - 
impor tan t  f o r  good t e s t  r e s u l t s .  (See '3 
J " C a l c u l a t i o n  of Gas Content"  s e c t i o n . )  a - 
The r e t r i e v a l  of samples by t h e  w i r e  l i n e  
e 4  c o r i n g  t echn ique  i s  very f a s t  s i n c e  t h e  2 M a r y  Lee Noel Mine - 
i n n e r  b a r r e l  c o n t a i n i n g  t h e  c o a l  i s  - 
brought  through t h e  d r i l l  p i p e  t o  t h e  
s u r f a c e  by t h e  w i r e  l i n e  wi thou t  having 
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t o  p u l l  t h e  e n t i r e  s t r i n g  of d r i l l  p i p e  GAS CONTENT MEASURED 
from t h e  h o l e ,  a s  w i t h  conven t iona l  cor-  BY DIRECT METHOD, crn3/~ 
i n g  equipment. The d i f f e r e n c e  i n  re-  
t r i e v a l  t ime can be s e v e r a l  hours a t  FIGURE 3. - Gas content o f  coal versus actual  






FIGURE 4. - rI, Conventional, and H, wire line 
coring equipment. 
p ipe ,  and hopeful ly t h e  p o s i t i o n  of t h e  
coalbed has been est imated with s u f f i -  
c i e n t  accuracy t o  have t h e  e n t i r e  coalbed 
i n  a s i n g l e  run of t he  b a r r e l ,  which i s  
t y p i c a l l y  3.05 t o  6.10 m (10 t o  20 f t )  
i n  length.  
Figure 5 i l l u s t r a t e s  s e v e r a l  of t h e  
problems t h a t  can be encountered i n  
a t tempt ing  t o  p r e d i c t  ( c o r r e l a t e )  where 
coalbeds should be encountered i f  s u f f i -  
c i e n t  geologic  d a t a  a r e  not a v a i l a b l e  o r  
i f  t h e  geologic  s e c t i o n  is  var iab le .  
Commonly a nearby d a t a  source,  such a s  a 
prev ious ly  d r i l l e d  we l l  o r  r eg iona l  geo- 
l o g i c  t r ends ,  i s  used t o  determine t h e  
c o r e  po in t s  where t h e  convent ional  core  
b a r r e l  w i l l  be i n s t a l l e d  t o  ob ta in  s a m -  
p les .  Usually core  p o i n t s  a r e  pro jec ted  
us ing  marker beds and i n t e r v a l  thick-  
nesses .  I n  t h e  example i n  f i g u r e  5, a 
marker bed from a nearby, previously 
d r i l l e d  hole  (wel l  A) has been i d e n t i f i e d  
whi le  r o t a r y  d r i l l i n g  w e l l  B. The i n t e r -  
v a l  between t h e  bottom of t h e  marker bed 
i n  we l l  A and t h e  top  of coalbed A is 
known and i s  used t o  p r o j e c t  a core poin t  
( I )  i n  t h e  new hole,  we l l  B. Unfortu- 
n a t e l y ,  t h e  i n t e r v a l  has thinned towards 
w e l l  B ,  p u t t i n g  coalbed A above t h e  pro- 
j e c t e d  core  point .  I f  t h e  d r i l l e r  were 
given only t h e  depth below the  marker bed 
a s  guidance f o r  t h e  core  po in t ,  i t  is 
q u i t e  l i k e l y  t h a t  t h e  coalbed would be 
d r i l l e d  through and no core  obtained. 
Once i t  has been found t h a t  t he  i n t e r -  
v a l  between t h e  marker bed and coalbed A 
has thinned i n  we l l  B, a dec i s ion  must be 
made on t h e  core  po in t  t o  o b t a i n  coalbed 
B. Severa l  op t ions  a r e  ava i l ab l e :  
1. Assume t h a t  t h e  p o s i t i o n  of coalbed 
B has no r e l a t i o n s h i p  t o  t he  coalbeds i n  
w e l l  A, and conventional-core t he  e n t i r e  
i n t e r v a l  below coalbed A u n t i l  coalbed B 
i s  obtained,  which could be very time 
consuming and expensive. 
2. Assume t h a t  t h e  i n t e r v a l s  between 
coalbed A and coalbed B a r e  t h e  same i n  
we l l s  A and B ,  which would put t h e  core 
po in t  (11) i n  t h e  c o r r e c t  p o s i t i o n  t o  
o b t a i n  a sample. 
3. Assume t h a t  t h e  i n t e r v a l s  between 
t h e  marker bed and coalbed B a r e  t h e  same 
i n  wel l s  A and B ,  which would put  the  
core  po in t  (111) below t h e  a c t u a l  posi- 
t i o n  of coalbed B, and the  coalbed would 
probably be missed f o r  coring. 
4. Assume t h a t  t he  i n t e r v a l  between 
coalbeds A and B i n  w e l l  B t h i n s  by the  
same amount a s  t he  i n t e r v a l  between the  
marker bed and coalbed A i n  t h e  same 
wel l ,  which would put  t h e  core poin t  a t  a 
depth s l i g h t l y  below t h e  p ro t ec t ed  core  
poin t  ( I ) ,  r equ i r ing  unnecessary and 
expensive cor ing  before encounter ing 
coalbed B. 
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Marker bed k 
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Fl GURE 5. - Coalbed correlation 
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Coalbeds a r e  f r e q u e n t l y  o v e r l a i n  by 
t h i n  r i d e r  c o a l s  which can be used a s  
marker beds f o r  conven t iona l  c o r e  p o i n t s .  
Coalbed C i n  w e l l  A has a  r i d e r  c o a l  
above i t ;  however, t h e  r i d e r  i s  no t  p res -  
e n t  i n  w e l l  B. I f  t h e  d r i l l e r  on w e l l  B 
had been t o l d  t o  s t o p  when t h e  r o t a r y  
d r i l l e d  i n t o  t h e  f i r s t  coalbed below 
coa lbed  B (supposedly  coalbed C r i d e r )  
and s w i t c h  t o  t h e  c o r e  b a r r e l  t o  c o r e  t h e  
main coa lbed ,  p a r t  of coalbed C would 
have been p e n e t r a t e d  and t h e  c o a l  l o s t .  
Many of t h e  s i t u a t i o n s  d e s c r i b e d  above 
f o r  p i c k i n g  c o r e  p o i n t s  f o r  c o n v e n t i o n a l  
c o r i n g  would r e s u l t  i n  a  l o s s  of c o a l  f o r  
g a s  c o n t e n t  d e t e r m i n a t i o n s  and/or  add i -  
t i o n a l  unprogrammed expense f o r  e x c e s s i v e  
c o r e  d r i l l i n g .  The u s e  of con t inuous  
w i r e  l i n e  c o r i n g  would e l i m i n a t e  o r  mini- 
mize t h e  d e s c r i b e d  problems. 
I n  unknown g e o l o g i c  a r e a s  where w i r e  
l i n e  c o r i n g  cannot be used f o r  reasons  
s u c h  a s  c o s t  o r  l a c k  of s u i t a b l e  d r i l l i n g  
r i g s ,  recovery of a l l  coalbeds  u s i n g  con- 
v e n t i o n a l  c o r i n g  can be enhanced by 
" twinning."  A r o t a r y  h o l e  i s  f i r s t  
d r i l l e d  through t h e  e n t i r e  s e c t i o n  of 
i n t e r e s t ,  wi thout  t a k i n g  any cores .  The 
h o l e  i s  then  logged w i t h  geophysical  
equipment t o  p r e c i s e l y  d e f i n e  t h e  dep th  
and t h i c k n e s s  of t h e  coalbeds .  The 
d r i l l i n g  r i g  is  t h e n  moved over  a  few -
meters  ( f e e t ) ,  and a  second (" twin")  h o l e  
is  r o t a r y - d r i l l e d .  S ince  t h e  e x a c t  loca -  
t i o n  of each coalbed i s  known from t h e  
f i r s t  h o l e ,  t h e  c o n v e n t i o n a l  c o r e  b a r r e l  
can be used a t  c o r e  p o i n t s  p r e c i s e l y  
l o c a t e d  above each coa l .  The v a r i a b i l i t y  
i n  d i s t r i b u t i o n  of coa lbeds  over  a  small 
geograph ic  a r e a  i s  i l l u s t r a t e d  w i t h  an 
example from a  d r i l l i n g  p r o j e c t  near  
T r i n i d a d ,  CO ( f i g .  6 ) ,  where t h e  w e l l s  
a r e  approximately  150 m (500 f t )  a p a r t .  
M u l t i p l e  t e s t i n g ,  o r  p r e f e r a b l y  t e s t i n g  
of t h e  e n t i r e  coa lbed ,  is  t h e  p r e f e r r e d  
sampling s t r a t e g y .  V a r i a t i o n s  i n  gas  
c o n t e n t  a r e  commonly observed on m u l t i p l e  
samples from t h e  same coalbed i n  a  c o r e  
hole .  A s i n g l e  t e s t  on a  smal l  p o r t i o n  
of a  coalbed may y i e l d  a  f a l s e l y  low o r  
h igh  v a l u e  f o r  t h e  e n t i r e  coalbed.  
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FIGURE 6. - Variable distribution of coalbeds in 
three wells, Trinidad, CO. (( 'orrcIm/ions 
coo7rr/ c .u!l of' ( ' o  lormtlo il'c.olo!yicaol S?rr??c y .) 
T e s t  Equipment 
Sample c o n t a i n e r s  of s e v e r a l  shapes  and 
s i z e s  t h a t  have been cons t ruc t ed  f o r  var- 
i o u s  t e s t i n g  purposes a r e  shown i n  f i g -  
u r e  7. The s t a n d a r d  c o n t a i n e r  (can  A) 
used by t h e  Bureau i s  made from a 0.3- 
( 1 - f t )  p i ece  of aluminum p ipe ,  having an 
i n s i d e  diameter  of 10 cm (4 i n ) .  A 
t o p  f l a n g e  and bottom p l a t e  have been 
welded t o  t h e  p ipe  s e c t i o n ,  and a remov- 
a b l e  l i d  t h a t  a t t a c h e s  t o  t h e  top  f l a n g e  
can be f i t t e d  w i th  a gage and va r i ous  
t ypes  of va lve  assembl ies .  Valves w i th  a 
quick-connect c a p a b i l i t y  a r e  p r e f e r r e d  
f o r  convenience and t ime sav ings  i f  a 
l a r g e  number of samples a r e  t e s t e d  a t  t h e  
same time. 
Less expensive a l t e r n a t i v e s  t o  t h e  
meta l  c a n i s t e r s  a r e  t h e  va r i ous  p l a s t i c  
wate r  f i l t e r  housings  (cans  B ,  C ,  and D) 
a v a i l a b l e  from many plumbing supply out-  
l e t s .  These c o n t a i n e r s  a r e  sometimes 
awkward t o  u se  because of t h e i r  rounded 
bottoms (cans  C and D), o r  because of t h e  
d i f f i c u l t y  of opening and/or  s e a l i n g  t h e  
l a r g e  screw-type caps.  Thus, s t anda rd  
me ta l  c o n t a i n e r s  a r e  p r e f e r r e d  because of 
t h e i r  f l a t  bottoms and d u r a b i l i t y ,  espe- 
c i a l l y  i n  long-term c o l l e c t i o n  programs. 
T- ---#..,..- 
Ill stllcLQ1, any czntziner t h a t  3 be 
e a s i l y  s e a l e d  a i r t i g h t ,  can c o n t a i n  about  
2 kg (4.4 l b )  of sample, and can hold 
approximately  414 kPa (50 l b / i n 2  g )  of 
i n t e r n a l  p r e s s u r e  would be adequate  f o r  
t h e  t e s t .  
It has  been sugges ted  t h a t  c o n t a i n e r s  
of g r e a t e r  l eng th ,  perhaps even long 
enough t o  ho ld  an  e n t i r e  co r e  of an coa l -  
bed, should be used f o r  t e s t i n g .  A l -  
though i t  would be p r e f e r a b l e  t o  t e s t  t h e  
e n t i r e  core ,  s e v e r a l  compl ica t ions  may 
a r i s e  i n  u s ing  l a r g e  con t a ine r s .  Occa- 
s i o n a l l y ,  a sample con t a ine r  w i l l  l e a k ,  
i n v a l i d a t i n g  t h e  t e s t .  I f  s i x  i n d i v i d u a l  
0.3-m ( 1 - f t )  s e c t i o n s  of a 1.8- ( 6 - f t )  
coa lbed  a r e  t e s t e d  s e p a r a t e l y ,  a l e a k  i n  
one can is  of l i t t l e  consequence. But i f  
t h e  e n t i r e  1.8 m (6 f t )  i s  p laced  i n  one 
can and i t  l e a k s ,  l i t t l e  u sab l e  d a t a  may 
be ob ta ined .  Furthermore,  c o a l  samples 
t h a t  a r e  f r i a b l e  and very gassy w i l l  usu- 
a l l y  g ive  o f f  l a r g e  volumes of gas  e a r l y  
i n  t h e  de so rp t i on  procedure.  I f  very 
l a r g e  amounts of c o a l  of t h i s  type  a r e  
s e a l e d  i n t o  a l a r g e  c a n i s t e r ,  then  bleed- 
i n g  t h e  l a r g e  volume of gas  i n t o  t h e  mea- 
s u r i n g  appa ra tu s ,  which w i l l  be de sc r i bed  
l a t e r ,  can r e q u i r e  a n  exces s ive  amount of 
t ime ( s e v e r a l  minutes) .  Long measuring 
t imes may i n v a l i d a t e  t h e  c a l c u l a t i o n  of 
t h e  l o s t  gas ,  which r e q u i r e s  graphing of 
gas  volumes a t  i n s t an t aneous  p o i n t s  i n  
t ime. 
The equipment ( f i g .  8 )  needed t o  mea- 
s u r e  t h e  a c t u a l  volume of gas  desorb ing  
FIGURE 7. - Sample containers used for direct-method testing of coal samples. Can A-standard 
container; cans B, C, and D-plastic water filter containers. 
from t h e  c o a l  sample c o n s i s t s  of a n  i n -  and clamps t o  ho ld  t h e  g radua ted  c y l i n d e r  
v e r t e d  g radua ted  c y l i n d e r  s i t t i n g  i n  a  i n  p lace .  The desorbed gas  t h a t  c o l l e c t s  
pan f i l l e d  w i t h  wa te r  and a  r i n g  s t a n d  i n  t h e  c a n i s t e r  is p e r i o d i c a l l y  b l e d  i n t o  
t h e  g radua ted  c y l i n d e r  and measured a s  
t h e  volume of w a t e r  d i s p l a c e d .  T h i s  pro- 
cedure  is performed bo th  a t  t h e  d r i l l  
30-PSI g s i t e  and subsequen t ly  i n  t h e  l a b o r a t o r y .  
C a l c u l a t i o n  of Gas Content  
The gas  c o n t e n t  of a  p a r t i c u l a r  sample 
i s  composed of l o s t ,  desorbed,  and r e s i d -  
u a l  g a s ,  each  of which is determined by 
s l i g h t l y  d i f f e r e n t  t echn iques .  A c o r e  
sample a c t u a l l y  beg ins  t o  d e s o r b  gas 
b e f o r e  i t  is  s e a l e d  i n  t h e  sample 
c o n t a i n e r .  The amount of t h i s  l o s t  gas  
depends on t h e  d r i l l i n g  medium and t h e  
t ime r e q u i r e d  t o  r e t r i e v e ,  measure, and 
d e s c r i b e  t h e  c o r e ,  and s e a l  t h e  sample i n  
FIGURE 8. - Equipment for direct-method test- t h e  can. The s h o r t e r  t h e  t i m e  r e q u i r e d  
i n g  of coal sample. t o  c o l l e c t  t h e  sample and s e a l  i t  i n t o  
t h e  can ,  t h e  g r e a t e r  t h e  conf idence  i n  Time c o r e  reached s u r f a c e  (C)-- 
t h e  l o s t - g a s  c a l c u l a t i o n .  A s  d i s c u s s e d  12:40 a.m. 
p r e v i o u s l y ,  because  of i t s  speed ,  w i r e  
l i n e  r e t r i e v a l  of t h e  c o r e  i s  p r e f e r a b l e  Time c o r e  s e a l e d  i n  c a n i s t e r  (D)-- 
t o  c o n v e n t i o n a l  c o r i n g .  I f  a i r  o r  m i s t  12:50 a.m. 
i s  used i n  d r i l l i n g ,  i t  is  assumed t h a t  
t h e  c o a l  beg ins  desorb ing  g a s  immediate ly  Lost  g a s  t i m e :  
upon p e n e t r a t i o n  by t h e  c o r e  b a r r e l .  
With w a t e r ,  d e s o r p t i o n  i s  assumed t o  be- (D-A) i f  a i r  o r  mist i s  used  
g i n  when t h e  c o r e  i s  halfway o u t  of t h e  
h o l e ;  t h a t  i s ,  when t h e  g a s  p r e s s u r e  i s  C-B 
(0-C) +  
2  
i f  w a t e r  i s  used 
assumed t o  exceed t h a t  of t h e  h y d r o s t a t i c  
head. 
The l o s t  g a s  can be c a l c u l a t e d  by 
a  g r a p h i c a l  method based on t h e  r e l a -  
t i o n s n i p  t h a t  f o r  t n e  f i r s t  r'ew hours  
of  emiss ion ,  t h e  volume of g a s  g i v e n  
o f f  i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  
r o o t  of t h e  d e s o r p t i o n  t i m e .  A p l o t  
o f  t h e  cumula t ive  e m i s s i o n  a f t e r  each  
r e a d i n g  a g a i n s t  t h e  s q u a r e  r o o t  of t h e  
t i m e  t h a t  t h e  sample has  been desorb-  = 15 minutes .  
i n g  i d e a l l y  would produce a  s t r a i g h t  
l i n e .  The r e s u l t i n g  g r a p h  i s  shown i n  f i g -  
u r e  9. The i n t e r c e p t  on t h e  X a x i s  i s  
A sample of e x p e r i m e n t a l  d a t a  ( t a -  t h e  s q u a r e  r o o t  of t h e  e l a p s e d  t i m e  
b l e  4 )  and supplementary  i n f o r m a t i o n  ( l o s t - g a s  t ime)  i n  minutes  from t h e  t i m e  
used  t o  c o n s t r u c t  a  l o s t - g a s  g r a p h  g a s  d e s o r p t i o n  beg ins  and t h e  sample i s  
f o l l o w s  : s e a l e d  i n  t h e  c o n t a i n e r .  The e s t i m a t e d  
v a l u e  of t h e  l o s t  g a s  i s  t h e  p o i n t  a t  
D r i l l i n g  medium--water. which t h e  c o n s t r u c t e d  l i n e  i n t e r c e p t s  t h e  
t h e  n e g a t i v e  Y a x i s .  
Time coalbed encoun te red  (A)-- 
12:Ol a.m. The desorbed g a s  i s  s imply t h e  t o t a l  
volume of g a s  d r a i n e d  f rom t h e  sample and 
Time c o r e  s t a r t e d  o u t  of h o l e  (B)-- measured i n  t h e  g r a d u a t e d  c y l i n d e r .  The 
12:30 a.m. desorb ing  of a  sample i s  g e n e r a l l y  
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FIGURE 9. - Los t - gas  graph, 
al lowed t o  c o n t i n u e  u n t i l  a very  low 
emiss ion  r a t e  i s  o b t a i n e d ,  g e n e r a l l y  a n  
a v e r a g e  of l e s s  t h a n  10 cm3 (0.35 x 10-3 
f t 3 )  of g a s  pe r  day f o r  1  week. The t ime 
r e q u i r e d  t o  r e a c h  t h i s  low r a t e  of 
emiss ion  w i l l  va ry  c o n s i d e r a b l y  and i s  
a f f e c t e d  by many t h i n g s ,  i n c l u d i n g  t h e  
s i z e  of t h e  sample,  t h e  p h y s i c a l  charac-  
t e r i s t i c s  of t h e  c o a l ,  and t h e  amount of 
g a s  con ta ined  i n  t h e  sample. 
When i t  i s  determined t o  d i s c o n t i n u e  
t h e  measurement of desorbed g a s ,  t h e  c o a l  
sample w i l l  u s u a l l y  s t i l l  c o n t a i n  gas .  
To complete t h e  g a s  d e t e r m i n a t i o n  proce- 
d u r e ,  t h e  amount of r e s i d u a l  g a s  must be 
-.-. uGasured.  The p rccedure  recornended by 
t h e  Bureau i s  t o  c r u s h  t h e  c o a l  i n  a 
s e a l e d  b a l l  m i l l .  The b a l l  m i l l  con- 
s t r u c t e d  f o r  c rush ing  c o a l  w a s  f a b r i c a t e d  
from a p i e c e  of 0.64-cm (114-in) w a l l ,  
17.78-cm (7-in) d iamete r  s t e e l  p ipe .  A 
s t e e l  p l a t e  was welded t o  t h e  bottom, and 
a  l i d  was f i t t e d  t o  t h e  top.  A t  t h e  t o p ,  
a  s h o r t  s e c t i o n  of p ipe  w i t h  2.54-cm 
(1- in)  w a l l  t h i c k n e s s  was welded i n s i d e  
t h e  17.78-cm (7-in) p i p e  t o  p rov ide  suf -  
f i c i e n t  s u r f a c e  a r e a  f o r  machining a  
groove f o r  a n  O-ring s e a l  and f o r  b o l t  
h o l e s  t o  s e c u r e  t h e  l i d .  
The b a l l  m i l l  i s  tumbled on a  r o l l e r  
machine f o r  approximately  1  h r  t o  c r u s h  
t h e  coa l .  The m i l l  i s  a l lowed t o  c o o l  t o  
room tempera tu re ,  and t h e  volume of g a s  
r e l e a s e d  i s  t h e n  measured by t h e  wa te r  
d i sp lacement  method. The crushed powder 
and any uncrushed lumps a r e  weighed sepa- 
r a t e l y .  The volume of g a s  r e l e a s e d  i s  
a t t r i b u t e d  only  t o  t h e  crushed powder. A 
s e t  of r e s i d u a l  g a s  d a t a  and c a l c u l a t i o n  
p rocedure  fo l lows :  
Weight of crushed powder--735 g  
Weight of uncrushed lumps--45 g  
Volume of g a s  b leed  off--1,082 cm3 
g a s  b leed  o f f  , cm3 
Res idua l  g a s  c a l c u l a t i o n  = 
weight of sample crushed t o  powder, g  
T h e o r e t i c a l l y ,  i t  is  p o s s i b l e  t o  c r u s h  
a  c o a l  sample i n  t h e  b a l l  m i l l  a t  any 
p o i n t  a f t e r  c o l l e c t i o n  and t o  o b t a i n  t h e  
t o t a l  g a s  c o n t e n t  ( e x c l u d i n g  l o s t  g a s )  of 
t h e  sample .  T h i s  p rocedure  is  g e n e r a l l y  
n o t  c o n s i d e r e d  a p p r o p r i a t e  i f  maximum i n -  
f o r m a t i o n  f rom t h e  sample i s  d e s i r e d .  By 
c r u s h i n g  t h e  sample b e f o r e  t h e  d e s o r p t i o n  
p r o c e s s  i s  comple te ,  i t  is  i m p o s s i b l e  t o  
o b t a i n  t h e  r e l a t i v e  amounts of  d e s o r b e d  
and  r e s i d u a l  gas .  T h i s  d i s t i n c t i o n  i s  
i m p o r t a n t  because  t h e  a c t u a l  r e s i d u a l  
g a s ,  which w i l l  n o t  d e s o r b  f rom t h e  sam- 
p l e  w h i l e  s e a l e d  i n  t h e  c a n i s t e r ,  prob- 
a b l y  r e p r e s e n t s  g a s  t h a t  w i l l  n o t  f low t o  
a  methane d r a i n a g e  b o r e h o l e  and p o s s i b l y  
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i n t o  a  mine a tmosphere .  It i s  t r u e  
t h a t  d u r i n g  t h e  p r o c e s s  of mining c o a l ,  
t h e  c o a l  i s  broken up i n t o  v a r i o u s l y  
s i z e d  p i e c e s ;  however, t h e  m a j o r i t y  of 
t h e s e  p i e c e s  w i l l  n o t  u s u a l l y  d u p l i -  
c a t e  t h e  ve ry  f i n e  powder t h a t  t h e  b a l l  
m i l l  p roduces  i n  t h e  r e s i d u a l  g a s  
p rocedure .  
The t o t a l  g a s  c o n t e n t  of a  p a r t i c u l a r  
sample  is  t h e  volume of l o s t  g a s  and de- 
s o r b e d  g a s  d i v i d e d  by t h e  t o t a l  sample  
w e i g h t  p l u s  t h e  r e s i d u a l  g a s  c o n t e n t .  
The c a l c u l a t i o n  p rocedure  and sample  d a t a  
s e t  f o l l o w :  
L o s t  gas--240 cm3 
l o s t  g a s  + desorbed  g a s  T o t a l  g a s  = ------------------ 
t o t a l  sample we igh t  
+ r e s i d u a l  g a s  
Auxi l i a r y  T e s t  P r d c e d u r e s  
l ' roximate,  u l t i m a t e ,  and Htu a n a l y s e s  
a r e  o b t a i n e d  on t h e  c rushed  powder from 
t h e  r e s i d u a l  g a s  t e s t .  These t e s t  re-  
s u l t s  can  be used  t o  f u r t h e r  e v a l u a t e  t h e  
g a s  c o n t e n t  r e s u l t s  on a p r a c t i c a l  and 
t l l e o r e t  i c a l  b a s  is. 
Because t h e  g a s  c o n t e n t  i s  p r e s e n t e d  on 
a  volume-to-weight r a t i o ,  t h e  p r e s e n c e  of 
n o n c o a l  m a t e r i a l ,  p r i m a r i l y  s h a l e  and 
p y r i t e  (which  adds  weight  but  n o t  g a s  
s t o r a g e  c a p a c i t y ) ,  can  produce  seeming ly  
e r r o n e o u s  d a t a .  Thus two samples  f rom 
t h e  same c o a l b e d  c o r e  may have g a s  con- 
t e n t s  v a r y i n g  by s e v e r a l  c u b i c  c e n t i -  
m e t e r s  p e r  gram i f  one sample c o n t a i n s  
a p p r e c i a b l y  h i g h e r  n o n c o a l  m a t e r i a l .  The 
c o a l  a n a l y s i s  w i l l  h e l p  d e t e r m i n e  i f  non- 
c o a l  m a t e r i a l  i s  i n f l u e n c i n g  t h e  t o t a l  
g a s  c o n t e n t .  
E v a l u a t i o n  of t h e  i n f l u e n c e  of d e p t h  of 
b u r i a l  on t h e  g a s  c o n t e n t  is  p r e f e r a b l y  
An.-.- 
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noncoa l  m a t e r i a l  v a r i a b l e  f rom t h e  e v a l u -  
a t i o n .  However, because  c o a l b e d s  do con- 
t a i n  n o n c o a l  m a t e r i a l ,  t h e  a c t u a l  i n -  
p l a c e  methane i n  a  p a r t i c u l a r  volume of 
c o a l  s h o u l d  be r e l a t e d  t o  t h e  a s - r e c e i v e d  
c o a l  d a t a .  
T h e o r e t i c a l l y ,  t h e  g a s  c o n t e n t  of c o a l  
i s  i n f l u e n c e d  by t h e  r ank  of t h e  c o a l ,  
w i t h  h i g h e r  r a n k s  g e n e r a l l y  hav ing  h i g h e r  
g a s  c o n t e n t s .  The c o a l  a n a l y s i s  can  be 
used  t o  d e t e r m i n e  t h e  a p p a r e n t  r ank  of 
t h e  c o a l  by ASTY S t a n d a r d  U388 ( 2 )  f o r  - 
e v a l u a t i o n  of t h e  r ank  pa ramete r .  Coal  
p e t r o g r a p h y  , s p e c i f i c a l l y  v i t r i n i t e  re-  
f  l e c t a n c e  raeasurernents, can  a l s o  p r o v i d e  
a  measurement of c o a l  rank.  De te rmin ing  
t h e  m i c r o s c o p i c  c o n s t i t u e n t s  of t h e  c o a l  
( m a c e r a l s )  may a l s o  be u s e f u l  i n  i n v e s t i -  
g a t i o n s  of t h e  f a c t o r s  i n f l u e n c i n g  t h e  
rnethane c o n t e n t  of c o a l b e d s .  Adsorp t ion  
i s o t h e r m  t e s t s  ( 1 8 )  w i l l  g i v e  d a t a  on t h e  
t h e o r e t i c a l  s t o r a g e  c a p a c i t y  of a  sample ,  
and a l o n g  w i t h  t h e  o t h e r  a n a l y t i c a l  
t e s t s ,  can  be a n  i m p o r t a n t  t o o l  f o r  e v a l -  
u a t i n g  t h e  d i r e c t  method t e s t  r e s u l t s .  
Gas samples  s h o u l d  be o b t a i n e d  p e r i -  
o d i c a l l y  d u r i n g  t h e  d e s o r p t i o n  t e s t i n g  of 
c o a l  samples .  Gas cornposit i o n a l  a n a l y s i s  
w i l l  p r o v i d e  i n f o r m a t i o n  on t h e  g a s  q u a l -  
i t y ,  i n c l u d i n g  t h e  p r e s e n c e  of  g a s e s  
o t h e r  t h a n  hydroca rbons .  E thane ,  pro- 
pane,  and b u t a n e  a r e  common hydroca rbons  
found i n  s rna l l  amounts ( g e u e r a l l y  l e s s  
t h a n  2 p c t  combined) i n  coa lbed  gas .  
Carbon d i o x i d e  ( o c c a s i o n a l l y  i n  amounts 
a s  h igh  a s  1 5  p c t )  i s  a  common, puten-  
t i a l  ly  u n d e s i r a b l e ,  conponerlt of c o a l b e d  
g a s  which has  been found a t  t h e  h i g h e r  n e c e s s a r i l y  gassy.  Many coalbeds  i n  t h e  
l e v e l s  primarily i n  a  r e l a t i v e l y  s m a l l  E a s t e r n  Uni ted S t a t e s  c o n t a i n  a p p r e c i a b l e  
a r e a  of t h e  P i t t s b u r g h  Coalbed i n  Penn- g a s  ( > 5  cm3/g [160 f t 3 / t o n ] )  a t  dep ths  of 
s y l v a n i a  and West V i r g i n i a ,  and i n  sev- 305 m (1,000 f t )  (8) .  However, many 
era1 w e s t e r n  c o a l s .  S e v e r a l  p u b l i c a t i o n s  coa lbeds  i n  t h e  w e s t e r n  Uni ted S t a t e s  a t  
(17 ,  19,  29) d i s c u s s  t h e  o r i g i n  and com- d e p t h s  of 305 m (1 ,000 f t )  c o n t a i n  l i t t l e  - - -  
p o s i t i o n  of coalbed gas.  g a s  (<2 cm3/g [64 f  t 3 / t o n ]  ). The reason  
f o r  t h e s e  v a r i a t i o n s  i n  g a s  c o n t e n t s  of 
Geologic  C o n s i d e r a t i o n s  coa lbeds  a t  similar dep ths  a r e  i n  many 
c a s e s  due t o  d i f f e r e n c e s  i n  t h e  rank of 
V a r i a t i o n s  i n  Gas Content t h e  coa l .  Coal rank ( t a b l e  5 )  is  a  mea- 
s u r e  of t h e  s t a g e  of c o a l i f i c a t i o n  t h a t  a  
The g a s  c o n t e n t  of i n d i v i d u a l  coa lbeds  c o a l  d e p o s i t  has  reached. The c o a l i f i c a -  
h a s  been observed t o  i n c r e a s e  a s  t h e  t i o n  p rocess  p r o g r e s s i v e l y  t r ans forms  t h e  
d e p t h  of t h e  coalbed i n c r e a s e d  (9-10, -- - 13- o r i g i n a l  p l a n t  m a t e r i a l  i n t o  h i g h e r  ranks  
1 4 ,  25,  27, 30) .  A coalbed c o n t a i n s  more of c o a l ,  depending p r i m a r i l y  on tempera- - - - -
gas a t  greater  d e p t h s  p r i m a r i l y  owing t o  t u r e  and t i m e  and t o  a  l e s s e r  e x t e n t  on 
t h e  i n c r e a s e  i n  r e s e r v o i r  p r e s s u r e ,  which 
a l l o w s  t h e  c o a l  t o  "hold" more g a s ,  i f  i t  
i s  a v a i l a b l e .  F i g u r e  10 i l l u s t r a t e s  in -  
c r e a s i n g  gas  c o n t e n t  w i t h  i n c r e a s i n g  
d e p t h  f o r  t h e  Mary Lee Coalbed i n  Ala- 
bama. It is impor tan t  t o  n o t e  t h a t  t h i s  
g r a p h  i s  only  f o r  t h e  Mary Lee Coalbed 
and shou ld  n o t  be used t o  estimate t h e  
g a s  c o n t e n t  of any o t h e r  coalbed o r  c o a l  
r eg ion .  
p r e s s u r e  (29) .  Methane is  g e n e r a t e d  
throughout  x e  c o a l i f i c a t i o n  p rocess  i n  
v a r y i n g  amounts, w i t h  a n  i n c r e a s e d  y i e l d  
of methane a s s o c i a t e d  w i t h  r e d u c t i o n  of 
hydrogen, which begins  a t  approximately  
29 p c t  v o l a t i l e  m a t t e r  c o n t e n t  i n  t h e  
medium-volati le bituminous c o a l  range 
(29) .  Owing t o  t h e  i n f l u e n c e  of t h e  
c z l i f i c a t i o n  p r o c e s s ,  i t  i s  t h e r e f  o r e  
p o s s i b l e  t o  have deep coalbeds  t h a t  have 
no t  gone through t h e  s t a g e s  t h a t  produce 
Even though t h e  gas  c o n t e n t  of a  coa l -  h i g h  volumes of methane and t h a t  do no t  
bed i n c r e a s e s  w i t h  dep th ,  t h i s  does have h igh  gas  c o n t e n t s .  
n o t  mean t h a t  a l l  deep coalbeds  a r e  
0 500 1 ,000 1,500 2,000 2,500 
DEPTH, f t  
FIGURE 10. - Gas content versus depth for the Mary Lee  Coalbed, Alabama. 
TABLE 5. - C l a s s i f i c a t i o n  of c o a l  by rank ( 2 )  - 
Group 
Fixed carbon 
l i m i t s ,  pc t  
( d r y ,  mineral -  
V o l a t i l e  m a t t e r  
l i m i t s ,  pc t  
( d r y ,  mineral -  
The g r a p h  ( f i g .  10) t h a t  i s  a  p l o t  of 
d i r e c t  method g a s  c o n t e n t s  v e r s u s  d e p t h  
o f  samples from t h e  Mary Lee Coal Group 
i s  a l s o  i n f l u e n c e d  by rank v a r i a t i o n s  of 
t h e  coalbeds .  F igure  11 shows t h e  d i s -  
t r i b u t i o n  of c o a l  rank and dep th  i n  t h e  
bas in .  I n  g e n e r a l ,  t h e  rank i n c r e a s e s  
w i t h  d e p t h ;  however, t h i s  r e l a t i o n s h i p  i s  
v a r i a b l e  and does not  p r e c i s e l y  c o r r e l a t e  
throughout  t h e  a r e a .  Because of t h e  high 
numbers of samples t h a t  would be needed 
f o r  d i r e c t  method t e s t i n g  t o  document t h e  
change i n  g a s  c o n t e n t  w i t h  rank i n  a  c o a l  
b a s i n  and t h e  r e l a t i v e  e a s e  of mapping 
t h e  changes i n  d e p t h  and o b t a i n i n g  Sam- 
p l e s  from a  v a r i e t y  of d e p t h s  f o r  g a s  
c o n t e n t  d e t e r m i n a t i o n s ,  t h e  r e l a t i o n s h i p  
of  g a s  c o n t e n t  t o  dep th  f o r  coa lbeds  is 
most commonly p resen ted .  The Bureau of 
Mines i s  c u r r e n t l y  conduct ing r e s e a r c h  t o  
C a l o r i f i c  v a l u e  
B t u / l b  ( m o i s t ,  
mineral-mat t e r -  
mat ter- f  r e e  b a s i s )  
document and r e l a t e  t h e  i n f l u e n c e  of c o a l  
rank a s  w e l l  a s  dep th  on g a s  c o n t e n t .  
Equal t o  
o r  g r e a t e r  
than-- 
L i g n i t e  A.............. 
L i g n i t e  B.............. 
Coalbed D i s c o n t i n u i t i e s  






There a r e  many g e o l o g i c  f e a t u r e s  t h a t  
d i s r u p t  t h e  c o n t i n u i t y  of a  coalbed.  
They can be s t r a t i g r a p h i c  i n  o r i g i n  and 
c h a r a c t e r i z e d  by an i n t e r r u p t i o n  i n  s e d i -  
menta t ion ,  e i t h e r  nondepos i t ion  o r  ero-  
s i o n ,  such a s  a  sand channe l ;  o r  t h e y  can 
be s t r u c t u r a l  i n  o r i g i n  and c h a r a c t e r i z e d  
by a  s u r f a c e  s e p a r a t i n g  two u n r e l a t e d  
g roups  of rock ,  such a s  a  f a u l t  (1). 
D i s c o n t i n u i t i e s  a r e  a n  impor tan t  con- 
s i d e r a t i o n  i n  e v a l u a t i n g  t h e  g a s  d r a i n a g e  
p o t e n t i a l  of coalbeds .  The p r e s e n c e  of 
d i s c o n t i n u i t i e s  can cause  s e r i o u s  prob- 
lems i n  t h e  d r i l l i n g  and complet ion of 
both  v e r t i c a l  and h o r i z o n t a l  g a s  d r a i n a g e  
G r e a t e r  
than-- 
f r e e  b a s i s )  
... ... 
Equal t o  
o r  l e s s  
than-- 
Equal t o  o r  
g r e a t e r  
than-- 
Meta-anthracite. . . . . . . .  
Anthracite............. 
Semianthracite......... 














Low-volat i l e  
b i tuminous coal....... 
Medium-volati le 
b i tuminous coal....... 
H i g h - v o l a t i l e  A 
bituminous coal....... 
Hig h-volat  i l e  B 
bituminous coal....... 
































3  1  
... 
... 

































. . .  
---- 
-! . BLOUNT 
'-3 COUNTY 
............ 
Medium volatile -1 .;6;-, a Low volatile 
L - ~  , JG- Contour interval is 
~ S C A U X M  i 500 ft 
---- 
7 BLOUNT 
'-.-- COUNTY < WALKER COUNTY ,---- 
FIGURE 11. - A, Map of rank distribution, and 13, depth distribution of the Mary Lee Coalbed, Alabama. 
boreholes  a s  w e l l  a s  i n f luenc ing  t h e  flow 
of gas (decreas ing ,  o r  i n  some cases in-  
c r e a s i n g ,  product ion a s  prev ious ly  d i s -  
cussed)  t o  t h e  boreholes.  
An i d e a l  coalbed from both a mining and 
a gas dra inage  s tandpoin t  would be of 
uniform th i cknes s  wi th  no i n t e r r u p t i o n s  
( f i g .  12A). This is  seldorn t h e  case ,  as  
many coalbeds e x h i b i t  var ious  types  of 
s t r a t i g r a p h i c  d i s c o n t i n u i t i e s  a s  shown i n  
f i g u r e  12B. A h o r i z o n t a l  gas dra inage  
borehole d r i l l e d  i n t o  t h i s  coalbed would 
probably encounter  g r e a t  d i f f i c u l t y  both 
i n  d r i l l i n g  and i n  s t a y i n g  i n  t h e  coal- 
bed. A v e r t i c a l  borehole ( resource  con- 
f i r m a t i o n  corehole  o r  product ion hole )  




FIGURE 12. - ;I, Section view of ideal coalbed, and H, effect of coolbcd discontinuities on hori- 
zontal gas drainage boreholes. 
recovery  and gas  f low i f  a r e a s  of t h i n  o r  
a b s e n t  c o a l  were encounte red ,  a s  a t  t h e  
" r o l l "  o r  i n  t h e  a r e a  of t h e  " s p l i t s . "  
Boreho les  d r i l l e d  i n  an a r e a  of exten-  
s i v e  p a r t i n g s  ( f i g .  1 2 ~ )  could  encounte r  
g a s  f low problems. A h o r i z o n t a l  h o l e  
d r i l l e d  comple te ly  above o r  below a n  ex- 
t e n s i v e  p a r t i n g  t h a t  e f f e c t i v e l y  sepa- 
r a t e s  a  coalbed i n t o  s e p a r a t e  r e s e r v o i r s  
may d r a i n  methane on ly  from t h a t  p o r t i o n  
of t h e  coa lbed  a c t u a l l y  d r i l l e d .  The 
o t h e r  p o r t i o n  of t h e  coalbed would remain 
undra ined ,  and t h e  gas  would s t i l l  be a  
hazard  t o  f u t u r e  mining o r  would be un- 
a v a i l a b l e  f o r  commercial product ion.  A 
s t i m u l a t i o n  t r e a t m e n t  i n  a  v e r t i c a l  h o l e  
d r i l l e d  i n t o  a n  a r e a  wi th  an e x t e n s i v e  
p a r t i n g  may not  complete ly  s t i m u l a t e  both  
p o r t i o n s  of t h e  r e s e r v o i r .  I f  t h e  t r e a t -  
ment d i d  not  e f f i c i e n t l y  p e n e t r a t e  above 
and below t h e  p a r t i n g ,  t h e  gas  f lows  
c o u l d  be reduced w i t h  t h e  same p o t e n t i a l  
consequences a s  d e s c r i b e d  f o r  t h e  h o r i -  
z o n t a l  ho les .  
Impermeable d i s c o n t i n u i t i e s  t h a t  com- 
p l e t e l y  d i s r u p t  a  coalbed a r e  p a r t i c u -  
l a r l y  troublesome f o r  gas  d r a i n a g e  d r i l l -  
i n g  a c t i v i t i e s .  F igure  13 i l l u s t r a t e s  
s e v e r a l  g e o l o g i c  s i t u a t i o n s  t h a t  can 
Borehole A 
a d v e r s e l y  a f f e c t  d r i l l i n g .  Borehole A 
has  been d r i l l e d  i n t o  a  sand channel  and 
comple te ly  missed t h e  coalbed.  I f  t h i s  
was a  r e s o u r c e  c o n f i r m a t i o n  c o r e  h o l e ,  no 
c o a l  would have been o b t a i n e d  f o r  d i r e c t  
method gas  c o n t e n t  t e s t i n g .  I f  bore- 
h o l e  A was f o r  gas  d r a i n a g e ,  i t  would 
probably  be i n e f f e c t i v e  u n l e s s  gas  had 
migra ted  ( o r  would m i g r a t e )  from t h e  c o a l  
t o  t h e  sand channe l  and was t rapped.  
Clay v e i n s  a r e  g e n e r a l l y  s m a l l e r  t h a n  t h e  
sand c h a n n e l s ,  however, i f  they  a r e  en- 
coun te red ,  they can cause  e q u a l l y  s e r i o u s  
problems. 
Borehole B ( f i g .  13) has encountered a  
f u l l  s e c t i o n  of t h e  coalbed;  however, i t  
i s  bounded by a  c l a y  v e i n  and a  f a u l t .  
Th i s  s i t u a t i o n  can be bad o r  good f o r  gas  
p r o d u c t i o n ,  depending on t h e  s i z e  of t h e  
" c e l l "  t h a t  borehole  B has  i n t e r c e p t e d .  
I f  t h e  bounded a r e a  is  s m a l l ,  a  l i m i t e d  
amount of coalbed r e s e r v o i r  w i l l  be 
a v a i l a b l e  t o  f e e d  gas  i n t o  t h e  boreho le ,  
t h e r e f o r e ,  i t s  produc t ion  p o t e n t i a l  i s  
low. I f  borehole  B has p e n e t r a t e d  a  
l a r g e r  " c e l l "  o r  i s  not  complete ly  
bounded by d i s c o n t i n u i t i e s ,  t h e  s i t u a t i o n  
may enhance gas  product ion.  A bounded 
coalbed r e s e r v o i r  of t h i s  t y p e  w i l l  po- 
t e n t i a l l y  have a  f a s t e r  p r e s s u r e  drawdown 
Borehole 6 Borehole C Borehole D 
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FIGURE 13. - Section view of effect of coal bed disc~ntinuit ies on vertical gas drainage 
boreho les, 
when dewate r ing  i s  i n i t i a t e d ,  and h i g h e r  
g a s  s a t u r a t i o n s  and p r o d u c t i o n  r a t e s  
s h o u l d  f o l l o w  a s  has  been observed a t  a  
v e r t i c a l  boreho le  methane d r a i n a g e  pat -  
t e r n  i n  Alabama (3 ,  23).  - - 
Borehole  C ( f i g .  13) h a s  complete ly  
missed t h e  coalbed by i n t e r c e p t i n g  a  
f a u l t ;  t h e r e f o r e ,  t h e r e  a r e  no samples o r  
g a s  p roduc t ion  from t h e  coa l .  Bore- 
h o l e  D,  which w a s  t o  be a  commercial 
w e l l ,  has  i n t e r c e p t e d  t h e  coalbed;  how- 
e v e r ,  i t  is very n e a r  an abandoned mine. 
An abandoned mine i s  no t  a n a t u r a l  coa l -  
bed d i s c o n t i n u i t y ,  but i t  does i n t e r r u p t  
t h e  coa lbed  r e s e r v o i r  and can  have s e r i -  
c=nseque.;.lces. I+, is n i l +  t n  l i l r ~ l y  
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t h a t  i n  a d d i t i o n  t o  a  p o r t i o n  of t h e  
coa lbed  r e s e r v o i r  having been removed by 
mining,  a s i g n i f i c a n t  amount of t h e  gas  
o r i g i n a l l y  i n  t h e  remaining c o a l  migra ted  
t o  t h e  mine openings and is  no l o n g e r  
a v a i l a b l e  f o r  p roduc t ion  from a  borehole .  
Abandoned mines abuve the t a r g e t  coalbed 
must a l s o  be cons idered ,  s i n c e  i f  a  v o i d  
i s  encounte red ,  a l l  of t h e  d r i l l i n g  f l u -  
i d s  and t h e  h o l e  may be l o s t .  I f  t h e  
h o l e  could  be saved,  expens ive  remedia l  
a c t i o n s  such a s  c a s i n g  through t h e  mine 
opening might be requ i red .  
A l l  of t h e  g e o l o g i c  s i t u a t i o n s  de- 
s c r i b e d  i n  f i g u r e  13 would a l s o  have 
s e r i o u s  e f f e c t s  on h o r i z o n t a l  d r i l l i n g  
a c t i v i t i e s  (11) .  Sand channe l s  a r e  par-  
t i c u l a r l y  t r z b l e s o m e  because of t h e i r  
l a r g e  s i z e  and slow r a t e  of p e n e t r a t i o n  
w i t h  t h e  h o r i z o n t a l  d r i l l i n g  equipment. 
I n t e r c e p t i n g  an abandoned mine w i t h  a  
h o r i z o n t a l  borehole  could  be hazardous  i f  
t h e  mine was f u l l  of wa te r  ( o r  g a s )  which 
f lowed u n c o n t r o l l e d  i n t o  t h e  mine work- 
i n g s  from which t h e  h o l e  was being 
d r i l l e d .  
S i n c e  coalbed d i s c o n t i n u i t i e s  can s e r i -  
o u s l y  a f f e c t  t h e  s u c c e s s f u l  complet ion of 
r e s o u r c e  conf i rmat ion  c o r e  h o l e s  a s  w e l l  
as v e r t i c a l  and h o r i z o n t a l  methane d r a i n -  
age  boreho les ,  they should be e v a l u a t e d  
a s  p a r t  of t h e  f e a s i b i l i t y  s t u d i e s  f o r  a  
s p e c i f i c  p r o j e c t  a r e a  o r  d r i l l  s i t e .  
While i t  is  no t  p o s s i b l e  t o  p r e c i s e l y  
l o c a t e  a l l  d i s c o n t i n u i t i e s  ( e s p e c i a l l y  
t h e  s m a l l e r  ones)  be fore  d r i l l i n g  a  
p a r t i c u l a r  s i t e ,  b a s i c  g e o l o g i c  mapping 
t echn iques  can p r o j e c t  p robab le  a r e a s  of 
occur rence  i f  s u f f i c i e n t  d a t a  a r e  a v a i l -  
a b l e .  It is  a l s o  p o s s i b l e  t o  e s t i m a t e  
t h e  p r o b a b i l i t y  of encounte r ing  coa lbed  
d i s c o n t i n u i t i e s  by s t a t i s t i c a l l y  eva lu -  
a t i n g  d a t a  from mines i n  a d j o i n i n g  a r e a s  
(12). Impermeable coalbed d i s c o n t i n u -  
i t i e s  a r e  a l s o  impor tan t  from a  mine ven- 
t i l a t i o n  s t a n d p o i n t  s i n c e  t h e y  can i s o -  
l a t e  l a r g e  volumes of gas  t h a t  can be 
l i b e r a t e d  suddenly  i n  h igh  volumes when 
p e n e t r a t e d  by a  mine e n t r y .  
M u l t i p l e  Coalbed R e s e r v o i r s  
Multiple cnaLbed reservoirs can be 
a t t r a c t i v e  f o r  a  r e s o u r c e  recovery  
program u s i n g  v e r t i c a l  boreho les ;  how- 
e v e r ,  t h e i r  t h i c k n e s s  and d i s t r i b u t i o n  
must be amenable t o  e f f i c i e n t  w e l l  com- 
p l e t i o n  p r a c t i c e s .  Completions of mul t i -  
p l e  coalbed r e s e r v o i r s  may a l s o  have 
a p p l i c a t i o n s  i n  mining when more t h a n  onc 
coalbed is  t o  be mined o r  where g a s  from 
sur rounding  coa lbeds  may m i g r a t e  t o  t h e  
workings i n  t h e  coalbed be ing  mined. 
I n  g e n e r a l ,  i t  is  p r e f e r a b l e  t o  have 
t h e  coa lbed  complete ly  exposed (open-hole 
complet ion)  t o  t h e  w e l l b o r e  f o r  t h e  most 
e f f i c i e n t  gas  p roduc t ion  (23) .  The com- 
p l e t i o n  of m u l t i p l e  coa lbeds ,  i f  t h e y  a r e  
d i s t r i b u t e d  over  a  l a r g e  i n t e r v a l  i n  t h e  
w e l l ,  can n e c e s s i t a t e  t h e  i n s t a l l a t i o n  of 
c a s i n g  through t h e  upper coa lbeds ,  which 
i s  less d e s i r a b l e .  I n  w e l l  A ( f i g .  14) 
two t h i c k  coa lbeds  have been encounte red  
a t  t h e  bottom of t h e  ho le .  Assuming t h a t  
both  coa lbeds  have s u f f i c i e n t  gas  t o  war- 
r a n t  complet ion,  both  cou ld  probably  be 
completed open h o l e  w i t h  t h e  c a s i n g  s e t  
above t h e  upper coalbed.  Depending on 
t h e  a c t u a l  d i s t a n c e  between t h e  two coa l -  
beds and t h e  competence and c o n d i t i o n  of 
t h e  i n t e r v e n i n g  rock u n i t ,  each coalbed 
could  be s t i m u l a t e d  s e p a r a t e l y  o r  a t  t h e  
same time. S e p a r a t e  t r e a t m e n t s  would be 
d e s i r a b l e  t o  i n c r e a s e  t h e  p r o b a b i l i t y  cf 
g e t t i n g  a  good s t i m u l a t i o n  t r e a t m e n t  i n  
each coalbed.  I f  both  coalbeds  were 
t r e a t e d  a t  t h e  same t ime,  t h e r e  would be 
a  chance t h a t  t h e  t r e a t m e n t  would on ly  
e n t e r  one of t h e  coa lbeds ,  i n  s p i t e  
of t r e a t m e n t  d e s i g n s  t o  a v e r t  t h a t  
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FIGURE 14. - Examples of multiple coalbed reservoirs. 
s i t u a t i o n .  A good s t i m u l a t i o n  t r e a t m e n t  
i s  c r i t i c a l  f o r  e f f i c i e n t  p r o d u c t i o n  of 
methane  frorn a c o a l b e d  (23).  - The add i -  
t i o n a l  c o s t  f o r  s e p a r a t e  t r e a t m e n t s  must 
be ba lanced  a g a i n s t  t h e  p o t e n t i a l  f o r  
i n c o m p l e t e  s t i m u l a t i o n  of c o a l b e d s  i n  a  
zone  t r e a t m e n t .  
Well B ( f i g .  14) r e p r e s e n t s  a n  unde- 
s i r a b l e  s i t u a t i o n  i n v o l v i n g  m u l t i p l e  
c o a l b e d s .  I n s t e a d  of one o r  more t h i c k  
c o a l b e d s  b e i n g  e n c o u n t e r e d ,  a l l  of  t h e  
c o a l b e d s  a r e  t h i n ,  and t h e y  a r e  s p r e a d  
o v e r  a  l a r g e  i n t e r v a l  i n  t h e  w e l l .  Even 
though c o l l e c t i v e l y  a l l  of  t h e  c o a l b e d s  
i n  w e l l  R may c o n t a i n  a volume of gas  
e q u a l  t o  o r  g r e a t e r  t h a n  t h a t  of a s i n g l e  
t h i c k  g a s s y  c o a l b e d ,  t h e  comple t ion  c o s t  
w i l l  p robab ly  be h i g h  and t h e  p r o d u c t i o n  
p o t e n t i a l  low. I f  t h e  i n t e r v a l  c o n t a i n -  
i n g  t h e  c o a l b e d s  i s  l a r g e  and t h e  rock 
between t h e  c o a l s  is  s u b j e c t  t o  d e t e r i -  
o r a t i o n  and s l o u g h i n g ,  t h e  upper  c o a l b e d s  
would have t o  be c a s e d  t o  p r e v e n t  t h e  
h o l e  from f i l l i n g  i n .  
When c a s i n g  i s  i n s t a l l e d  through a 
c o a l b e d  t h a t  i s  t o  be completed f o r  pro- 
d u c t i o n ,  communication between t h e  coa l -  
bed r e s e r v o i r  and t h e  w e l l b o r e  must be 
e s t a b l i s h e d  e i t h e r  u s i n g  c o n v e n t i o n a l  
p e r f  o r a t i o n s  o r  p r e f e r a b l y  by s l o t t i n g  
( 6 ,  28). The p e r f o r a t i o n s  o r  s l o t s  must 
b 7  p r e c i s e l y  l o c a t e d  a t  t h e  coa lbed  i n -  
t e r v a l  t o  have a  r e a s o n a b l e  chance of a  
s u c c e s s f u l  completion.  The t h i n n e r  t h e  
c o a l b e d ,  as i n  w e l l  B ( f i g .  1 4 ) ,  t h e  
g r e a t e r  t h e  chance of miss ing t h e  coa lbed  
when an a t t e m p t  i s  made t o  p e r f o r a t e  o r  
s l o t .  
The coa lbeds  i n  w e l l  B ( f i g .  14) would 
probably  have t o  be completed w i t h  t h r e e  
s e p a r a t e  s t i m u l a t i o n  t r e a t m e n t s .  The 
upper  t h r e e  coa lbeds  would be grouped as 
a  zone,  and t h e  bottom two coalbeds  would 
be s t i m u l a t e d  i n d i v i d u a l l y .  The produc- 
t i o n  p o t e n t i a l  of t h e  coa lbeds  i n  w e l l  B 
would probably  n o t  j u s t i f y  t h e  high c o s t  
of t h i s  complet ion program, o r  even t h e  
c o s t  of t h e  w e l l  i t s e l f .  
REGIONAL CONSIDERATIONS 
Regional  c o n s i d e r a t i o n s  f o r  coa lbed  g a s  
p o t e n t i a l  a r e  e s s e n t i a l l y  a n  expansion 
and c o r r e l a t i o n  of i n f o r m a t i o n  g a i n e d  
f rom s i t e - s p e c i f i c  e v a l u a t i o n  procedures .  
The r e g i o n a l  c o n s i d e r a t i o n s ,  l i k e  t h e  
s i t e - s p e c i f i c  c o n s i d e r a t i o n s ,  have bo th  
mine s a f e t y  and r e s o u r c e  p roduc t ion  po- 
t e n t i a l  a p p l i c a t i o n s  (7 ) .  - 
C a l c u l a t i o n  of an  Area ' s  In-Place  
Gas Volume 
A c a l c u l a t i o n  of t h e  in -p lace  g a s  vol-  
ume i n  a n  a r e a  and mapping of t h e  g a s  
d i s t r i b u t i o n  a r e  pr imary r e g i o n a l  con- 
s i d e r a t i o n s .  To c a l c u l a t e  t h e  in -p lace  
g a s  volume, t h e  fo l lowing  a r e  needed: A 
means of e s t i m a t i n g  t h e  g a s  c o n t e n t  t h a t  
i s  r e l a t e d  t o  mappable pa ramete rs  ( d i r e c t  
method g a s  c o n t e n t s  v e r s u s  d e p t h ,  
f i g .  l o ) ,  and maps of t h e  pa ramete rs  
( d e p t h  of t h e  coalbed i n  t h e  a r e a ,  and 
c o a l  t h i c k n e s s ,  f i g .  15). 
Once t h e  a p p r o p r i a t e  maps have been 
c o n s t r u c t e d  and g a s  c o n t e n t s  from c o a l  
samples  v e r s u s  dep th  have been graphed,  
t h e  a c t u a l  c a l c u l a t i o n  of t h e  in -p lace  
g a s  volume i s  q u i t e  simple.  The d a t a  
from t h e  Mary Lee Coal Group i n  t h e  
Warr ior  Bas in  of Alabama w i l l  be used a s  
a n  example. The overburden map ( f i g .  15) 
has  been drawn w i t h  a 152-m (500-f t )  con- 
t o u r  (dep th)  i n t e r v a l .  The c o a l  i s o p a c h  
( t h i c k n e s s )  map has  been superimposed on 
t h e  overburden map s o  t h a t  t h e  volume of 
c o a l  i n  each  152-m (500-f t )  d e p t h  i n t e r -  
v a l  can be c a l c u l a t e d .  
For e s t i m a t i o n  purposes ,  t h e  g a s  con- 
t e n t  of t h e  median d e p t h  of each  152-m 
(500-f t )  overburden i n t e r v a l  ( f i g .  10) i s  
used i n  t h e  c a l c u l a t i o n  a s  t h e  average  
g a s  c o n t e n t  of t h e  i n t e r v a l .  The g a s  
c o n t e n t  of t h e  median dep th  of each  in -  
t e r v a l  i s  m u l t i p l i e d  by t h e  volume of 
c o a l  i n  t h e  i n t e r v a l  t o  o b t a i n  t h e  i n -  
p l a c e  g a s  volume. A s  an  example, t h e  
g a s  c o n t e n t  of t h e  median dep th  of t h e  
305- t o  457-m (1,000- t o  1 ,500-f t )  Mary 
Lee overburden i n t e r v a l  i s  14.0 
(448 f t 3 / t o n ) ,  and t h e  c o a l  volume i s  
1,421 t r i l l i o n  kg (1,566 b i l l i o n  t o n s ) ,  
which when m u l t i p l i e d  y i e l d s  19.9 b i l l i o n  
m3 (702 b i l l i o n  f t 3 )  of g a s  f o r  t h e  i n -  
t e r v a l .  S i m i l a r  c a l c u l a t i o n s  a r e  made 
f o r  each  i n t e r v a l  ( t a b l e  6 ) ,  and t h e  
t o t a l  in -p lace  volume (52.3 b i l l i o n  m3 
[1.8 t r i l l i o n  f t 3 ]  f o r  t h e  Mary Lee 
Group) can be determined. 
TABLE 6 .  - In -p lace  gas  volume f o r  t h e  Mary Lee Coal  Group, Alabama 
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1.8 m i l l i o n  
The g a s  con ten t  in format ion  can be used The g e n e r a l  r e g i o n a l  e s t i m a t e s  of i n -  
i n  con junc t ion  w i t h  t h e  r e g i o n a l  over- p l a c e  g a s  volumes, a s  c a l c u l a t e d  by t h e  
burden map t o  d e l i n e a t e  a r e a s  of high i n -  procedure  de sc r i bed  above, can be a valu- 
p l a c e  ga s  volumes ( p o t e n t i a l l y  bad f o r  a b l e  i n d i c a t o r  of a r e a s  t o  be s e r i o u s l y  
mining, good f o r  commercial p roduc t ion)  cons idered  f o r  commercial g a s  product ion.  
and low in-place g a s  volumes ( p o t e n t i a l l y  Prev ious  s t u d i e s  ( 4 ,  9-10, 14,  16,  25, -- - - -
good f o r  mining, bad f o r  commercial pro- -- 30-31) have es t imatFd  t h e  in -p lace  g a s  
 -- 
d u c t i o n ) .  Since t h e  g a s  con t en t  of c o a l  volumes f o r  s e v e r a l  of t h e  g a s s i e s t  coal-  
i n c r e a s e s  w i th  dep th ,  t h e  deeper  p a r t s  of 
t h e  Warr ior  Basin ,  a s  d e l i n e a t e d  on t h e  
overburden map, have t h e  h i g h e s t  poten- 
t i a l  f o r  l a r g e  volumes of in -p lace  gas .  
A t  a  dep th  of 610 m (2,000 f t ) ,  every 
2.6 km2 ( square  mi l e )  of Mary Lee c o a l ,  
1.8 m ( 6  f t )  t h i c k ,  would c o n t a i n  approx- 
ima t e ly  85 m i l l i o n  m3 ( 3  b i l l i o n  f t 3 )  of 
in-place gas ,  T h i s  volume of g a s  would 
probably be a t t r a c t i v e  f o r  i t s  r e sou rce  
p roduc t i on  p o t e n t i a l ,  but  i t  would be a 
tremendous volume of g a s  t o  encounter  i n  
a mining opera t ion .  The ga s  con t en t  a t  a 
d e p t h  of 610 m (2,000 f t )  from f i g u r e  10 
i s  approximately  15.7 cm3/g (502 f t 3 / -  
t o n ) ,  which when p l o t t e d  on t h e  g raph  of 
expec ted  mine emiss ions  ( f i g .  3) y i e l d s  
a n  e s t i m a t e  of over  96 m3 (3,400 f t 3 )  of 
g a s  emiss ions  from a l l  sources  ( r o o f ,  
f l o o r ,  r i b s ,  and p i l l a r s  i n  a d d i t i o n  t o  
t h a t  a c t u a l l y  con ta ined  i n  t h e  volume of 
c o a l  mined a t  t h e  f a c e )  f o r  each 907 kg 
( t o n )  of c o a l  product ion.  I f  p o s s i b l e ,  
i t  would be p r e f e r a b l e  from t h e  s tand-  
p o i n t  of t h e  p o t e n t i a l  methane hazard 
(which of course  i s  no t  t h e  on ly  con- 
s i d e r a t i o n  f o r  l o c a t i n g  a mining opera- 
t i o n )  t o  l o c a t e  i n  t h e  a r e a s  of lower i n -  
p l a c e  g a s  volumes. 
beds and coal-bear ing fo rmat ions  i n  t h e  
United S t a t e s  ( t a b l e  7 ) ,  and s e v e r a l  es -  
t i m a t e s  of t h e  in -p lace  coalbed g a s  vol-  
umes f o r  t h e  e n t i r e  United S t a t e s  have 
been made ( t a b l e  1 ) .  These e s t i m a t e s  a r e  
on ly  va luab l e  i f  used w i th  an  understand- 
ing  of t h e i r  t r u e  meaning and s i g n i f i -  
cance. It i s  very impor tan t  t o  r e a l i z e  
t h a t  t h e s e  va lue s  a r e  f o r  in -p lace  ga s  
volumes and do no t  r e p r e s e n t  t h e  volume 
of g a s  t h a t  can p h y s i c a l l y  and/or  econom- 
i c a l l y  be recovered from coalbed ga s  
d r a inage  systems . 
The percen tage  of in -p lace  g a s  t h a t  can 
p h y s i c a l l y  be removed from a coalbed i s  
p r e s e n t l y  unknown and w i l l  probably be 
d i f f e r e n t  f o r  each  coalbed and even f o r  
d i f f e r e n t  a r e a s  of t h e  same coalbed. It 
i s  probab le  t h a t  t h e  volume of g a s  t h a t  
i s  r e s i d u a l  ga s  i n  t h e  d i r e c t  method t e s t  
w i l l  probably no t  f low t o  a wel lbore  and 
perhaps w i l l  no t  f low i n t o  a mining oper- 
a t i o n .  Economically, i t  i s  u n l i k e l y  t h a t  
g a s  t h a t  i s  a t  low concen t r a t i ons ,  a s  i n  
t h e  sha l low p o r t i o n s  of c o a l  ba s in s  and 
i n  t h e  low-rank c o a l s ,  w i l l  e ve r  be cap- 
t u r e d  f o r  u t i l i z a t i o n .  
TABLE 7. - In-place g a s  volumes of s e l e c t e d  U.S. coalbeds  
Coalbed o r  fo rmat ion ,  and 
S t a t e  
Mesaverde Fm. ( 3 2 ) ,  (Southern . Piceance ~ a s i n r  Colorado.. 
Mesaverde Fm. ( 4 ) ,  (Sandwash - 
Basin)  Colorado............. 
Mary Lee ( l o ) ,  Alabama....... . Vermej o ~ m 7 ( 3 1 ) ,  Colorado.. 
P i t t s b u r g h  ( 9 x  - Pennsylvania  
and West V i rg in i a . .  ......... 
F r u i t l a n d  Fm. ( 1 6 ) ,  Colorado. 
Lower ~ a r t s h o r n h ( l 4 ) ,  - 
Oklahoma.................... 
Upper F'reeport ( 30 ) ,  - 
Pennsylvania................ 
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Addi t i ona l  Regional  Cons idera t ions  
The o t h e r  r e g i o n a l  c o n s i d e r a t i o n s  f o r  
coa lbed  gas  d r a inage  a c t i v i t i e s  a r e  p r i -  
ma r i l y  r e l a t e d  t o  geo log i c  f a c t o r s  f o r  
s e l e c t i o n  of a r e a s  w i t h i n  a  r eg ion  f o r  
s i t e - s p e c i f i c  e v a l u a t i o n  of proposed com- 
m e r c i a l  gas  recovery p r o j e c t s .  The 
t h i c k n e s s  of coalbeds  can vary on a  re-  
g i o n a l  b a s i s  a s  w e l l  a s  l o c a l l y ,  a s  d i s -  
cussed  prev ious ly .  The t h i c k e r  t h e  coal-  
bed, t h e  l a r g e r  t h e  r e s e r v o i r  f o r  gas  
s t o r a g e .  Also,  va r i ous  coalbeds  can 
appea r  and d i s appea r  independent ly  of 
each  o t h e r  throughout  a  region.  Th is  i s  
impor tan t  i f  m u l t i p l e  zone complet ions  of 
v e r t i c a l  w e l l s  are a n t i c i p a t e d ,  For com- 
m e r c i a l  ven tu r e s  i t  is  necessa ry  t o  p i ck  
a n  a r e a  f o r  p o t e n t i a l  development t h a t  
ha s  t h e  optimum ba lance  of gas  con t en t ,  
c o a l  t h i c k n e s s ,  and number and d i s t r i b u -  
t i o n  ( v e r t i c a l  t h i cknes s  of producing 
zone and d i s t a n c e  between i n d i v i d u a l  
coa lbeds )  of p roduc ib l e  coalbeds  i f  mul- 
t i p l e  complet ions  a r e  planned. 
Regional  t r e n d s  of water-bear ing sands 
(wate r  sands)  should a l s o  be cons idered  
t o  determine where such sands may be i n  
c l o s e  a s s o c i a t i o n  w i th  coalbeds  from 
which gas  is t o  be e x t r a c t e d  by v e r t i c a l  
we l l s .  I f  wa te r  sands  a r e  p r e s e n t ,  h igh 
volumes of ex t raneaous  wate r  may be pro- 
duced, perhaps  i n d e f i n i t e l y ,  wi thout  
dewate r ing  t h e  coalbed,  and w i th  l i t t l e  
i f  any gas  product ion.  The type  and c o s t  
of completion procedures  f o r  v e r t i c a l  
w e l l s  can be s e r i o u s l y  a f f e c t e d  by t h e  
p resence  of wate r  sands  i n  a  p ro spec t i ve  
producing zone. 
CONCLUSIONS 
Coalbeds can c o n t a i n  app rec i ab l e  quan- 
t i t i e s  of methane, t h e  removal of which 
may be d e s i r a b l e  f o r  mine s a f e t y  and /or  
energy r e sou rce  u t i l i z a t i o n  purposes.  
The d i r e c t  method t e s t  can be used t o  
de te rmine  t h e  gas  con t en t s  of coalbeds  a t  
s p e c i f i c  s i t e s  of f u t u r e  mining opera- 
t i o n s  o r  p o t e n t i a l  r e sou rce  recovery and 
u t i l i z a t i o n  systems. Geologic evalu-  
a t i o n ,  i n c l u d i n g  a  de te rmina t ion  of t h e  
p o t e n t i a l  of encounte r ing  coalbed discon-  
t i n u i t i e s ,  i s  an impor tan t  c o n s i d e r a t i o n  
when l o c a t i n g  methane dra inage  d r i l l i n g  
s i t e s .  Maximum informat ion  can be ob- 
t a i n e d  from a r e sou rce  conf i rmat ion  ex- 
p l o r a t o r y  hole  i f  a  cont inuous w i r e  l i n e  
c o r e  i s  obtained.  I f  w i r e  l i n e  co r ing  i s  
no t  p o s s i b l e ,  a  twinned-hole approach i s  
t h e  second choice .  
Regional  c o n s i d e r a t i o n s  i n f l u e n c i n g  t h e  
gas  p o t e n t i a l  of coalbeds  a r e  p r i m a r i l y  
r e l a t e d  t o  t h e  c a l c u l a t i o n  of t h e  t o t a l  
in -p lace  gas  f o r  a  coalbed ( o r  group of 
coa lbeds )  i n  an a r ea .  Caut ion must be 
used no t  t o  confuse t h e  in -p lace  ga s  vol- 
umes wi th  r e cove rab l e  volumes. The d i s -  
t r i b u t i o n  of t h e  gas  volumes i n  a  r eg ion  
can be used t o  d e l i n e a t e  a r e a s  of high 
in -p lace  gas  volumes where mining may be 
adve r se ly  a f f e c t e d  bu t  r e sou rce  recovery 
and u t i l i z a t i o n  may be enhanced. Region- 
a l  mapping of geo log i c  t r e n d s  such 
a s  c o a l  t h i cknes s ,  number of coa lbeds ,  
and wate r  sands  can a i d  i n  d e l i n e a t i n g  
a r e a s  w i th  t h e  h i g h e s t  p o t e n t i a l  f o r  
commercial p roduc t ion  of methane from 
c o a l  beds. 
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